Abstract
gametocytogenesis and prepares for transmission to the mosquito vector. As the bifurcation in committing asexual parasites to gametocytogenesis (18, 20, 25) , and 106 evaluation of mature gametocytes in preparation for transmission (35, 40, 41 following the removal of asexual stages (Fig 1B) .
139
We measured mRNA abundance genome-wide using DNA microarrays at daily 140 intervals, capturing expression values for 96-99% of the 5443 genes measured per 141 timepoint (P<0.01, S1 Table) . Overall, the transcriptome of gametocytes is distinct 142 from asexual parasites, as is evidenced by a clear shift in Pearson correlation between 143 the transcriptomes of asexual parasites (day -2 to 2) and gametocytes (day 3 onward)
144
( Fig 1C) . Populations containing predominantly asexual parasites (days -2 to 2) were 145 highly correlated across the first two 48 h cycles (r 2 =0.54-0.86, S2 Table) and were 146 characterized by periodic gene expression changes between the asexual ring and 147 trophozoite stages (Fig 1C) . From day 3 onward, the transcriptional profiles diverged 148 indicating a switch from asexual to sexual development, evidenced by a loss of the 48 149 h correlation pattern (Fig 1C) . During subsequent days of gametocytogenesis, peak 150 correlations were associated with developmental progression through stage I-II (days 8 151 3-5, r 2 =0.56-0.73), stage III-IV (days 6-9, r 2 =0.51-0.92), and mature stage V 152 gametocytes (days 10-13, r 2 =0.50-0.84) (Fig 1C, S2 Table) .
154
Progression from asexual to sexual development was also clearly detectable in the 155 expression profiles of individual genes required during asexual development (e.g.
156
kahrp (pf3d7_0202000)) while sexual genes were only expressed during gametocyte 157 development from day 3 (43) (Fig 1D) . The genes restricted to expression during Table) . Among these transcripts were a 161 putative ncRNA, three rRNAs and two tRNAs, suggesting that the expression of non- showed a decline in abundance during gametocytogenesis, with up to 5 log 2 fold 188 decreases in the expression of these transcripts between the ring and early 189 gametocyte stages (Fig 2A) . These transcripts include Maurer's cleft proteins e.g. rex1
190
(pf3d7_0935900) and rex2 (pf3d7_0936000) as well as knob associated proteins that Fisher's exact test, genes listed in S3 Table) . This suggests asexual development- Table) as well as regulators 202 of egress (pkg (pf3d7_1436600)) and invasion (bdp1 (pf3d7_1033700) and ap2-i 203 (pf3d7_1007700)), all processes that are not necessary for gametocyte maturation 204 (Fig 2A, cluster 2 ). Beyond these examples, clusters 1-3 also contain 214 unannotated 205 genes that could be specifically required for asexual development only (Fig 2B) . Table) (36,38). Interestingly, cluster 6 (and cluster 2) showed a high degree of 217 cyclic oscillation in transcript abundance (Fig 2A) . Many of these transcripts relate to Table) . (Fig 2A, cluster 10 , pf3d7_0503400, pf3d7_1361400) to allow for a more 244 deformable erythrocyte that can re-enter circulation (50). This cluster also includes the 245 genes encoding the serine repeat antigens (sera) 3 and 5 (pf3d7_0207800, (Fig 3A) , that are expressed in sexually committed cells downstream of ap2-g (25).
271
From our data we also identified a specific 5' cis-regulatory motif (AGACA) that is Table) . This motif has been correlated with genes development is characterised by increased transcript abundance in cluster 8 (Fig 4A) , 289 which showed a significant enrichment for genes involved in regulation of transcription
290
(GO:0010468, 11 transcripts, P=0.029) including the specific ApiAP2 transcription 291 factors pf3d7_0404100, pf3d7_0516800, pf3d7_1429200 and the myb1 transcription 292 factor (pf3d7_1315800) (Fig 4A) . Other genes with potential regulatory functions 293 include a possible novel transcription factor, pf3d7_0603600, which contains an AT-294 rich interaction domain (IPR001606: ARID) and an uncharacterized RNA binding 295 protein (pf3d7_1241400). Proteins expressed by these two genes have been detected 296 previously during gametocyte development (Fig 4A) (34,35,40,41 ). These proteins, Female-enriched transcripts (35) peak in abundance only after sexual dimorphism is 321 clearly discernible, from stage II-III onwards (Fig 4B) (64). We also detect a small subset of female-enriched transcripts (pf3d7_0918700, 330 imp2 (pf3d7_0730400), pf3d7_1007800, pf3d7_1466800, pf3d7_1146800, obc13 331 (pf3d7_1214800)) that are expressed earlier in gametocyte development (Fig 4B) and 332 could potentially be important for female development before morphological 333 differences are apparent.
335
The second transcriptional transition we observed coincides with the onset of 336 gametocyte maturation from stage IV to V (Fig 4C) (Fig 4A) , intermediate development (Fig 4B) , maturation (Fig 4C) ) that 356 promote gametocyte development of P. falciparum parasites. Using Time Series (GRENITS (68)) (S3 Table) with the strongest predicted regulators gametocyte development (Fig 6) . that repress asexual-specific transcription (Fig 6) . This transition point is also Signal intensities loaded on the Princeton University Microarray Database were filtered 528 to remove background and unsatisfactory spots were flagged for removal using spot 529 filters P<0.01 and log 2 (Cy5/Cy3) expression values were used for further analysis.
530
Euclidean distance clustered heatmaps were generated using TIGR MeV software 531 version 4.9.0 (http://www.tm4.org/mev.html). The R statistical package (version 3.3.2) 532 was used to calculate Pearson correlation coefficients and these were visualized using 
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